The theory of consumer choice was applied to model the relationship between restaurant tipping and consumer behavior. Using this model, we showed how consumer behavior responds to restaurant tipping and how tipping affects consumer-utility among different types of consumers and economic efficiency. The theoretical analysis reveals that tipping discourages customers' demand for restaurant meals, which in turn creates bigger excess burden in the market.
Introduction
Restaurant tipping is a worldwide custom. The voluntary nature of tipping raises a number of questions, such as why do people tip, do patrons tip a fixed percentage of the bill size, are tips based on a conscientious appraisal of service, and do frequent customers tip more than infrequent customers for the same amount of service? Indeed, several studies reported in the psychology literature have significantly contributed to the answers to these questions (e.g., Freeman, Borden, and Latane, 1975 [1] ; Lynn and Latane, 1984 [2] ; Lynn, 1988 [3] ; Lynn and Grassman, 1990 [4] ; Bodvarsson and Gibson, 1994 [5] ; May, 1978 [6] ; Crusco and Wetzel, 1984 [7] ).
It should be noted that tipping may have originated in the taverns of 17 th century in England, where drinkers would leave some money on the table to waiters "to insure promptitude" (T.I.P.). This custom had been brought to America since it had been colonized by English and began to make its way into taverns and dining halls. It now becomes a worldwide custom.
Although a number of previous studies have provided significant answers to the questions listed above, none have modeled the relationship between restaurant tipping and consumer behavior, i.e., whether or not restaurant tipping would discourage consumers' demand for restaurant meals, and how tipping affects consumers' utility and economic efficiencies. (Note: We exclude fast-food restaurants, such as Burger King. There are no servers' services in fast-food restaurants, so tips are not necessary.) Therefore, in this paper, we applied the theory of consumer choice to develop a theoretical model that shows how consumer behavior responds to restaurant tipping, and how tipping affects consumer-utility among different types of consumers and economic efficiency.
The Model
In this section, the theory of consumer choice is used to create a model to link the relationship between restaurant tipping and consumer behavior. Consider that a representative customer always consumes two goods: restaurant meals and general necessities (such as food). Denote the quantities of these two goods consumed as X and Y, respectively. Assume that this representative customer is a rational economic individual who follows "the law of demand", and both of these two goods (restaurant meals and general necessities are all normal goods. When the customer dines in a restaurant, he/she always demands extra services or efforts from servers, such as taking orders, bringing dishes, pouring water, and so on. The extra service is denoted as ( ) S X , which is a function of restaurant meals X. The more restaurant meals served, the greater the demand for extra services. Thus, the first derivative of extra service with respect to X is positive, i.e., 0 S′ > . But the second derivative of extra service with respect to X should be negative or equal to zero, i.e., 0 S′′ ≤ . This is because the additional demand for extra service is diminishing or constant. For convenience, assume that there is a linear relationship between the quantity of restaurant meals and extra services. Hence, the function of the extra services can be specified as follows:
where 0 1 φ < ≤ and φ a parameter, an exogenous variable, such as the reputation and the location of the restaurant. If the restaurant were located in a metropolitan area and had a well-known reputation, φ would be larger.
Assume that the customer's utility function displays a simple form of Cobb-Douglas, such as
where 0 1 α ≤ < and 0 , 1 β γ < < . All α, β, and γ are constant parameters, exogenous variables. It should be noted that α indicates the degree to which the customer desires extra service. If α is equal to zero, then the customer does not demand extra services, or the customer does not think that those services (such as taking orders, bringing dishes, and pouring water) are extra services. In addition, the larger the quantities of extra services, restaurant meals, and general necessities, the higher the customer's utility; thus, , , 0 
Suppose that the consumer allocates his/her income, I, between X and Y. The prices of X and Y are X P and Y P , respectively. Assume that a sales tax rate, τ, is levied on X, but not on Y, since we assume that the state government does not levy a tax on general necessities, Y. After consuming a restaurant meal, X, suppose that the consumer always leaves t percentage of the total bill size as a tip on the table for servers. Therefore, the consumer's budget constraint can be defined as follows:
Choosing two goods, X and Y, can solve the consumer's optimization problem, which maximizes Equation (2.3) and subjects the result to Equation (2.4). Thus, the Lagrangian expression is set up as follows:
whereλ stands for the Lagrangian multiplier or a shadow price. Meanwhile, Equation (2.5) yields the following first-order conditions for the constrained maximum:
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The first-order conditions are solved to yield the demand functions of X and Y, which are expressed as follows: Proof.
In the event of a no-tips requirement, we set t = 0. However, no tips would affect the supply of servers and cause restaurant owners/managers to have to pay higher wages to servers, which in turn would raise the prices of restaurant meals. Restaurant owners/managers may raise the meal price at a rate ( ) t which will not be higher than a tipping rate (t), because they do not want to lose more customers. Thus, t t ≤ , and the new price of the meal is ( )1
. We substitute t = 0 and ( )1 P t P = + into Equations (2.8) and (2.9). Therefore, the demand function of meals, 1ˆ1 X I X t t P α β α β γ τ τ + ′′ = ⋅ ⋅ + + + + + , would be equal to or less than X * , as shown in Equation (2.8).
Since the demand function of necessities, as Equation (2.9) shows, is not associated with tips, there will not be a change in the demand for general necessities (Y Proof.
For type 1 consumers, we set both α and t to zero, and substitute Equations (2.8) and (2.9) into Equation (2.3); the utility of type 1 consumers can be obtained as follows:
Similarly, for type 2 consumers, we set α = 0 and t > 0; so the utility of type 2 consumers is:
For type 3 consumers, we set both α and t positive; thus, the utility of type 3 consumers can be generated as follows:
Finally, for type 4 consumers, we set α > 0 and t = 0; hence, the utility of type 4 consumers can be yielded as:
U , and 4 U , obviously, 4
Comparative Static Analysis and the Tip Elasticity of Demand
In addition to the first order condition shown in the last section, we further take a look at the second order conditions in this section, given constant parameters (α, β, γ). Substitute Equation (2.6) into Equation (2.7) and obtain the following condition: ( )
Intuitively, as Equations (3.3) and (3.4) show, budget improvement increases demands for both meals and necessities. As Equations (3.5) and (3.6) show, a rise in the price of meals would discourage consumers' demand for meals, but does not provide consistent information about the other good-necessities. Similarly, as Equations (3.7) and (3.8) show, an increase in the price of necessities leads to fewer demands for them and uncertainty about the other good-meals. In addition, as Equations (3.9) and (3.10) show, a higher sales tax rate levied on meals reduces the demand incentives on the good, but the effect is uncertain on the other good. Finally, as Equations (3.11) and (3.12) show, if the tipping rate increases for restaurant meals, customers would be more likely to demand less for meals, but the effect is uncertain on necessities.
Based upon the comparative static analysis, a higher tipping rate would likely discourage a consumer's demand for restaurant meals. In order to know the effect of an increase in the tipping rate on demand for meals, it is necessary to discuss the tip elasticity of demand.
According to the demand function of meals, as shown in Equation (2.8), the absolute value of the tip elasticity of demand,
As Equation (3.13) shows, the absolute value of the tip elasticity of demand is less than 1, which means that it is inelastic. For example, if the current tipping rate is 15% of total bill size, then 0.13
, which implies that a 1% increase in the tipping rate would result in a 0.13% decrease in the quantity of meals. Obviously, the impact of a tipping rate change on quantity demanded of restaurant meals is quite small.
Excess Burden
To understand if restaurant tipping would lead to greater excess burden (i.e., deadweight loss) in the market, in this section, we design a simple model of demand-supply in the market of restaurant meals, and ascertain the size of the excess burden of taxes and tips. Suppose that the demand function of restaurant meals is:
, and the supply function of restaurant meals is:
Proposition 4.
T. Figure 1) .
Proof.
With tax but without tip, the demand function of X becomes:
At equilibrium: T.-C. Lin
With both tax and tip, the demand function of X becomes:
Thus, we can solve for ( )( ) 
Conclusion
In summary, the main contribution and innovation of this paper are that we developed a theoretical model to link the relationship between restaurant tipping and consumer behavior. Using this model, we showed how consumer behavior responds to restaurant tipping and how tipping affects consumer-utility among different types of consumers and economic efficiency. The theoretical analysis shows that restaurant tipping does discourage demand for restaurant meals, which in turn creates bigger excess burden in the market.
